Persistence Into Adulthood
ADHD and ASD have their onsets in childhood (Hartman, Geurts, Franke, Buitelaar, & Rommelse, 2016; Jensen & Steinhausen, 2015) . The worldwide prevalence of ADHD in adulthood is estimated to be 2.8% (Fayyad et al., 2017; Michielsen et al., 2012) . No data are available on the occurrence of ASD in adults in the Netherlands. In England, approximately 1% of the population is diagnosed with ASD and the rate has not been found to decrease with age (Brugha et al., 2011) .
Treatment
In the Netherlands, the recommended pharmacological treatment for ADHD is methylphenidate (MPH), dexamphetamine (DEX), atomoxetine (ATX), or bupropion (Dutch Psychiatric Association, 2015) . Pharmacological treatment is also recommended for ADHD and comorbid ASD by the most recent treatment guideline (National Institute for Health and Care Excellence, 2018). However, little evidence is available on the safety and effectiveness of ADHD pharmacotherapy in this population of patients. In the Dutch treatment guideline for ASD, it is stated no evidence is available on the safety and effectiveness of using ADHD pharmacotherapy in adults with ASD (Kan et al., 2013) .
Extensive research on pharmacotherapy has, however, been conducted among children with ADHD and comorbid ASD (Cortese, Castelnau, Morcillo, Roux, & Bonnet-Brilhault, Note. ASD = autism spectrum disorder. Martino, Melis, Cianchetti, & Zuddas, 2004; Findling, 2005; Ghuman et al., 2009; Hazell, 2007; Jahromi et al., 2009; Nickels et al., 2008; Pearson et al., 2013; Posey et al., 2007; Roy, Dillo, Bessling, Emrich, & Ohlmeier, 2009; Stigler, Desmond, Posey, Wiegand, & McDougle, 2004) . The outcomes generally show some effectiveness of MPH in the treatment of hyperactivity in ASD (Sturman, Deckx, & van Driel, 2017) . Unfortunately, many of the children with ASD experienced side effects of MPH, causing discontinuation of the medication. One study reported a dropout rate of 18% (Research Units on Pediatric Psychopharmacology Autism Network, 2005) .
2012; Di
There is no evidence available for the use of DEX or bupropion in patients with ADHD and comorbid ASD. While evidence is modest for the use of ATX relative to psychostimulants, improvement in ADHD behavior as a result of ATX has been reported (Aman et al., 2014; Arnold et al., 2006; Harfterkamp et al., 2012) . The side effects of using ATX have been well tolerated (Tumuluru et al., 2017) .
Modafinil is another psychostimulant used to treat symptoms of ADHD. It is not recommended as pharmacological treatment for ADHD, only to be used when other means turn out to be insufficiently effective (Dutch Psychiatric Association, 2015; Kan et al., 2013; Kooij, 2009 ).
Aim
As illustrated by the mentioned research on MPH in children, it is possible that the pharmacological effects of MPH might be different for patients with ASD than for patients with only ADHD (Research Units on Pediatric Psychopharmacology Autism Network, 2005). More research on the effectiveness and side effects of pharmacological treatment for ADHD in a group of patients with comorbid ASD is thus needed to make the choice of treatment less dependent on the personal experience of the psychiatrist and more evidence based (Kan et al., 2013) .
In retrospect, the effectiveness and side effects of pharmacotherapy were compared for 60 adults with ADHD and ASD, on one hand, and 226 adults with only ADHD, on the other hand. The treatment consisted of MPH, DEX, ATX, bupropion, or modafinil. To our knowledge, this is the first study of the treatment of ADHD in an adult ASD population.
Research Questions
Research Question 1: Do adults with ADHD and comorbid ASD experience less effectiveness of pharmacological treatment for ADHD than adults with only ADHD? Research Question 2: Do adults with ADHD and comorbid ASD experience different or more severe side effects of pharmacological treatment for ADHD than adults with only ADHD, as measured in side-effect scores, blood pressure, heart rate, and weight?
Method

Participants
Participants were selected from a population being treated at the Radboudumc adult outpatient psychiatric department sometime between January 2013 and May 2018. The selection process is depicted in Figure 1 . Data were drawn from the hospital administrative database using the diagnostic treatment codes of ADHD (314.00 and 314.01) and ASD (299.00 and 299.80). This search returned a total of 1,408 patients with ADHD, with 19.6% also having a diagnosis of ASD (n = 276, see Figure 1 ). Patients were then selected for having confirmed diagnoses of ADHD and ASD according to the Diagnostic and Statistical Manual of Mental Disorders (4th ed.; DSM-IV; APA, 1994) or-since January 2017-the DSM-5 criteria. This was, where available, established using the Diagnostic Interview for ADHD in Adults (DIVA; Kooij & Francken, 2009) and-starting in the second half of 2016-the 'Nederlands Interview ten behoeve van Diagnostiek Autismespectrumstoornis bij volwassenen' (NIDA, translation: Dutch Interview for Diagnosis of Autism Spectrum Disorder in adults, Vuijk, 2014) . All of the selected case records were then required to meet the following criteria: (a) received treatment according to the ADHD guidelines (Dutch Psychiatric Association, 2015; National Institute for Health and Care Excellence, 2008) and (b) had at least two extractable, complete symptom score lists available for analysis with (1) the first one recorded at the onset of treatment (T1) and (2) the second one recorded at the end of the clinical titration process (T2). The largest reason for exclusion for further analysis was absence of at least two recorded symptom lists. The population for analysis consisted of 286 ADHD patients, with 21.0% (n = 60) also having a diagnosis of ASD (see Figure 1 ). Table 1 provides an overview of the patient characteristics.
Data
ADHD symptoms were scored using the Conners' ADHD Rating Scale: Self Report-Short Version (CAARS: S-S; Conners, Erhardt, & Sparrow, 1999) . This is standard practice at the Radboudumc. The CAARS is a widely accepted ADHD scoring instrument, and one of the few providing information on different symptom domains through subscores (Rosler et al., 2006) . It has also been shown to outperform several other ADHD screening instruments (Dakwar et al., 2012) . Main outcome was measured by the ADHD-index of the CAARS, which is a subset of items of the CAARS and is used as an indicator of ADHD severity in clinical practice.
Side effects of ADHD medication were measured using either a 13-item or 20-item checklist with 4-point Likerttype scales for item response. The 13-item list was initially used in the Radboudumc. This was later expanded to 20 items, adopted for use in June 2016, and is now the standard for assessment at the Radboudumc.
Changes in heart rate, blood pressure, and body weight as a result of ADHD medication were also assessed. Data were evaluated from two moments in time: at the onset of treatment (T1) and at the end of the clinical titration process (T2). The differences for these two points in time were then compared for the two groups of patients receiving medication.
Analyses
The effectiveness of treatment was estimated by examining the decreases in the symptoms of ADHD as measured by the CAARS: S-S ADHD-index. The significance of any within-group decreases was evaluated using paired-sample t tests. A three-way factorial analysis of covariance (ANCOVA) was conducted to determine a statistically significant difference between comorbid ASD diagnosis, ADHD subtype, and gender on the ADHD-index, controlling for age. ASD diagnosis included two levels (yes or no). ADHD subtype included four levels (combined type, inattentive type, hyperactive type, and not-otherwise-specified type). Gender included two levels (male or female). When significant main or interaction effects were found for the ADHD-index, the CAARS sub-scores were further analyzed to look for main or interaction effects. ADHD subtype was controlled for in these analyses, as patients with high levels of hyperactivity/impulsivity were found to respond differently to MPH than patients with low levels (Beery, Quay, & Pelham, 2017) .
The side effects of treatment were estimated by examining the absolute differences between T1 and T2 for the individual item scores on the 13-item or (where available) 20-item lists. The absolute increases or decreases in the item scores were compared within the groups of patients with ADHD and comorbid ASD or only ADHD using signedrank tests. Between-group differences were assessed using Mann-Whitney tests. The relative differences in heart rate, blood pressure, and body weight as a result of ADHD medication were assessed using t tests for independent samples.
Results
Demographic and Baseline Characteristics
A significant gender difference was found for the two groups of patients: 47% of the only ADHD group was female versus 28% of the ADHD plus ASD group, χ²(1, N = 286) = 6.978; p = .008. The mean ages for the two groups of patients and distribution of ADHD subtypes within the two groups did not differ.
At baseline, the ADHD plus ASD group showed lower scores on the Hyperactivity/Restlessness subscale of the CAARS than the ADHD-only group. The group of patients with only ADHD showed lower scores on the Impulsivity/ Emotional Lability subscale than the ADHD plus ASD group. The ADHD-index and total score for the CAARS: S-S were similar. The ADHD-only group was less affected by agitation, tics/involuntary movements, and sweating at baseline than the ADHD plus ASD group, but the total side effect score at baseline did not differ for the two groups of patients. After Bonferroni correction, only the baseline difference in agitation remained significant (p < .0025). No significant baseline differences were found in heart rate and blood pressure. Baseline body weight was, however, significantly higher in the ADHD plus ASD group compared with the ADHD-only group. See Table 1 for further details.
Effectiveness
As depicted in Figure 2 , a paired-sample t test showed a mean reduction of 24.6% on the ADHD-index for the ADHD plus ASD group. This reduction was significant and represents a large effect, t(59) = −7.561; p = .000; r = .70. A reduction of 31.3% was found for the ADHD-only group, which was also significant and represents a large effect, t(225) = −16.495; p = .000; r = .74. In the ANCOVA, the Note. The number of cases with a 20-item score is a subset of the number with a 13-item score, that is, all those with 20-item scores also have 13-item scores (because the 13-item list is a subset of the 20 items). ASD = autism spectrum disorder; ADHD-C = ADHD of the combined type; ADHD-I = ADHD of the inattentive type; ADHD-H = ADHD of the hyperactive type; ADHD-NOS = ADHD not otherwise specified; CAARS = Conners' ADHD Rating Scale: Self Report-Short Version. a Side effects included in the original 13-item score. *p < .05.
covariate age did not significantly relate to reductions in the ADHD-index, F(1, 270) = 1.655; p = .199; r = .08. There was no significant effect of gender on ADHD symptom reduction, F(1, 270) = .014; p = .907; η p 2 = .000, and there was no significant effect of ADHD subtype on ADHD symptom reduction, F(3,270) = .128; p = .944; η p 2 = .001. After control for the variables of age, gender, and ADHD subtype, a comorbid diagnosis of ASD also did not significantly affect ADHD symptom reduction, F(1, 270) = .017; p = .896; η p 2 = .000.
Side Effects
As can be seen in Table 2 and Figure 3 , the signed-rank tests revealed significant increases in the ADHD plus ASD group for the side effects of decreased appetite and weight loss. Significant decreases were found in this group for the side effects of agitation, anxiety, and sadness/unhappiness. In the ADHD-only group, significant increases were found for the side effects of decreased appetite, weight loss, and dry mouth. Significant decreases were found for sleeping disorder, nervousness, agitation, anxiety, and sadness/ unhappiness.
The results of the Mann-Whitney tests, as summarized in Table 2 , show no significant differences between the groups for the changes in side effects. That is, the side effects increased or decreased similarly across the two groups of patients.
Analysis of subgroups of patients identified on the basis of the type of medication that was taken revealed significant differences for the patients taking DEX. The subgroup of patients with ADHD plus ASD and taking DEX experienced a mean decrease of 0.40 on the score for headache while the subgroup of patients with only ADHD experienced a mean decrease of 0.02 for headache (z = −2.12; p = .034; r = −.09). This difference did not remain significant after Bonferroni correction (p > .0025).
Heart Rate, Blood Pressure, and Body Weight
The t-test results for independent samples showed the changes in heart rate, blood pressure, and body weight to not differ significantly across the two groups of patients with ADHD. A trend was found for a group difference in increases of heart rate (+11.62% vs. +5.44%), but this did not reach statistical significance (p = .053). See Table 3 for further details.
Time to Establishment, Type of Treatment, and Dosage
The time until establishment of optimal pharmacological treatment (i.e., the elapsed time between T1 and T2) did not differ significantly for the ADHD plus ASD group and the ADHD-only group (141 and 120 days, respectively), t(284) = −1.142; p = .254; r = .00. No significant group difference was found for the distribution of medication types within the groups (Fisher's exact test = 5.656; p = .115). See Table 4 for the distributions.
Finally, the ADHD plus ASD group used daily MPH doses ranging from 10 to 90 mg, daily DEX doses ranging from 5 to 38 mg, and daily bupropion doses ranging from 300 to 450 mg. The ADHD-only group used daily MPH doses ranging from 5 to 100 mg, DEX doses ranging from 2.5 to 40 mg, and bupropion doses ranging from 150 to 450 mg. On average, the ADHD plus ASD group used a significantly higher daily dosage of bupropion compared with the ADHD-only group (see Table 5 ).
Discussion
The aim of this study was to document the effectiveness and side effects of pharmacotherapy for ADHD in adults with ASD. The results show the pharmacological treatment of ADHD in adult patients with ASD to not be less effective than the pharmacological treatment of ADHD in patients with only ADHD. Both groups were found to experience side effects to a similar extent, while changes in heart rate, blood pressure, and weight during the course of medication did not differ for the two groups.
ADHD affects children with a male to female (M:F) ratio of approximately 3:1 while similar rates of persistence into adulthood have been found for ADHD (Fayyad et al., 2017; Willcutt, 2012) . A recent meta-analysis reported a pooled odds ratio (OR) of 1.23 for persistence of ADHD into adulthood for females, which did not differ significantly from the figure of persistence for males (Caye et al., 2016) . A relatively high number of females were represented in the present study, producing an M:F ratio of 2.5:1 in the ADHD plus ASD group and 1:1 in the ADHD-only group. According to the research by Arnett, Pennington, Willcutt, DeFries, and Olson (2015) , males have more severe symptoms of ADHD than females on average and greater variance in their symptom scores as well. When gender was accounted for in the multivariate analyses we conducted, no effect of gender was found for symptom reduction. This shows our results to be externally valid despite the overrepresentation of females in the selected patient population. A lower representation of females was found in the ADHD plus ASD group than in the only ADHD group, which is not surprising because-even more so than for ADHD-ASD is more prevalent in males than in females with a ratio of 4.3:1 (Fombonne, 2003) . A significant group difference was found for the occurrence of headache among users of DEX. The difference was small, however, and the scores showed decreases as opposed to increases in headache during DEX use in both of the ADHD patient groups. The clinical relevance of this finding is thus limited.
A trend toward a larger increase in heart rate was found for the ADHD plus ASD group but did not reach statistical significance. The small observed difference and small effect size limit the clinical relevance of this finding.
The higher daily dosage of bupropion in the ADHD plus ASD group compared to the ADHD-only group was not accompanied by group differences in side effects. For other Note. Comparison using t tests for independent samples. ASD = autism spectrum disorder; SBP = systolic blood pressure; DBP = diastolic blood pressure; MAP = mean arterial pressure; M = mean relative increase. Note. See Table 2 for side effects corresponding to the numbers on horizontal axis. ASD = autism spectrum disorder.
types of medication, no differences in dosage were seen between the groups. It is thus possible that ASD patients may require a higher dose of bupropion to attain similar changes in ADHD symptoms as for patients with only ADHD. The clinical relevance of this possibility is nevertheless difficult to judge due to the relatively small number of patients taking bupropion in the present sample (n = 25).
To our knowledge, we were the first to study the pharmacotherapy of ADHD in adults with ASD. A major strength of the present research is that a representative sample of patients from daily clinical practice was studied, and a variety of ADHD subtypes and medication types therefore considered in addition to gender. The design of the study allowed for the inclusion of a large number of patients and did not require research funding. A longer mean period of time between treatment measurements (T1 and T2) was also employed than is usually the case in randomized controlled trials examining the effectiveness and side effects of ADHD medication.
Due to the retrospective nature of the study, the analyses only included information on patients whose pharmacological treatment was sufficiently documented. Due to the selection process, 79.3% of cases were excluded from the current analysis and lack of sufficient documentation was the largest reason for this exclusion (see Figure 1 ). The reasons for insufficient documentation of pharmacological treatment were heterogeneous and difficult to trace. Based on available data, it was impossible to tell if any differences in this selection process occurred based on compliance, disease severity, or number of side effects. The proportion of patients with ADHD and ASD found for the final selection of patients (21.0%) did not differ significantly from that for the initial selection of patients (19.6%), χ²(1, n = 1,694) = 0.283; p = .595. The part of the selection process which would be expected to generate the largest amount of bias due to discontinuation of medication for any reason would be the selection of patients who have two recorded lists at respectively T1 and T2, as is required for analysis (20.8% of which has ASD), compared with the group of patients who had either only one recorded list, or multiple lists, but no proper T1 and T2 endpoints (16.1% of which has ASD). Although this part of the selection is the most likely to be influenced, no significant differences were found for the occurrence of ASD between these groups, χ²(1, n = 551) = 1.9511; p = .1624. Both comparisons show failures to adequately document treatment occurred similarly in both groups and did therefore not induce a clear bias. The reported proportions are also consistent with those reported in other relevant research and thus representative (Gargaro et al., 2011; Leyfer et al., 2006; Sinzig et al., 2009) .
For the analysis, values were used from the latest available measurement point in the clinical titration process to determine changes in effectiveness and side effects during the course of treatment. Most of the patients were verifiably put on medication and discharged with medication, but for some of the patients no more symptom scores were recorded after a given point in time or contact with the clinic was lost. In these cases, the latest available measurement point might not always have been the optimal medication dose. These cases were included in the current analysis because it is still possible to infer from these data the effectiveness and side effects relative to a certain medication dose, irregardless of this being the optimal dose or not.
Numerous statistical tests were performed, which increased the chances of type I errors occurring (i.e., finding positive results where there are none). Given the already small number of significant results found, however, it is unlikely that this has led to overestimated findings. Even without correction for multiple testing, similar results were found for the two groups of patients with ADHD we studied.
As mentioned in the introduction to our study, treatment with MPH has been reported to significantly and clinically reduce hyperactivity in children with ASD (Sturman et al., 2017) . It has been hypothesized that this finding could be extrapolated to an adult population (Kooij, 2009 ). This assumption found support in the present study, which showed pharmacological treatment of adults with diagnoses of ADHD and ASD to be just as successful as the pharmacological treatment of adults with only ADHD.
The increased occurrence of side effects reported previously for the pharmacological treatment of children with ADHD and ASD is not supported by the present data for adults (Research Units on Pediatric Psychopharmacology Autism Network, 2005) . We only have limited information on those patients who discontinued treatment, which could obviously be due to unwanted side effects. But our data are consistent with those of Santosh, Baird, Pityaratstian, Tavare, and Gringras (2006) who generally found no differences in symptoms and side effects when MPH was taken by children and adolescents with ADHD plus ASD versus those with only ADHD. Although ATX is the second choice of treatment after MPH or DEX according to guidelines (Dutch Psychiatric Association, 2015; National Institute for Health and Care Excellence, 2018), the current study found bupropion to be prescribed more often than ATX. This is due to financial considerations in the Netherlands where bupropion is fully covered by basic insurance policies and ATX is not (Consumentenbond, 2018; Zorginstituut Nederland, 2018) . To our knowledge, we are the first to study DEX and bupropion use in patients with ADHD and ASD. Available reviews suggested that these were effective for the treatment of an adult ADHD population (Castells, Ramos-Quiroga, Bosch, Nogueira, & Casas, 2011; Verbeeck, Bekkering, Van den Noortgate, & Kramers, 2017) . The present results show the distribution of the different types of medication for the treatment of a group of patients with ADHD and ASD to be similar to that for a group of patients with only ADHD and generally similar levels of treatment effectiveness to be experienced by the two groups.
Conclusion
The results of the present study appear to suggest that medication for ADHD can effectively and safely be prescribed to patients with ADHD and ASD and thus support for current guidelines (Kan et al., 2013; National Institute for Health and Care Excellence, 2018) . The current guidelines recommend following the same treatment regimen as for patients with only ADHD when treating patients with ADHD and comorbid ASD. In contrast to the recommendation of the Dutch guideline to "start low and go slow" (Kan et al., 2013) , the present findings suggest that patients with ADHD and ASD do not require lower optimal doses, more time to reach optimal dosage, or experience more side effects of medication when compared to patients without ASD. In other words: According to these results no additional prescription precaution appears to be required.
The above conclusion must be drawn with caution, given the retrospective nature of the data on which it is based. Limited information was available on those patients who discontinued medication. Although no bias seems to have occurred in the selection of patients between the two groups, unknown factors may have affected these results. In the future, a randomized controlled trial should be conducted to evaluate the effectiveness and possible side effects of pharmacological treatment for ADHD in patients with ASD more reliably.
